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(57) ABSTRACT

The present disclosure describes example techniques for
configuring and utilizing common control channels and
configuration thereof 1n wireless communication systems.
For instance, in an aspect, the present disclosure describes

an example method performed by a network node (106)
(also referred to herein as a base station, eNB, next-genera-
tion NodeB (gNB), or the like) that includes generating
resource location information 1dentifying one or more can-
didate time-frequency resource locations for a common
control channel utilized 1n the cell. In addition, the example
method can include transmitting the resource location infor-
mation to one or more UEs and/or one or more other
network nodes.
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1
COMMON PDCCH CONFIGURATION

TECHNICAL FIELD

The present disclosure generally relates to wireless com-
munication systems, and specifically relates to managing,
common control channel configuration 1n wireless commu-
nication systems.

BACKGROUND

In current wireless communication systems, user equip-
ment (UE) may be unaware as to the precise time-ifrequency
resources over which control information for a cell will be
transmitted by a network node, such as an evolved NodeB
(eNB) 1in Long-Term Evolution (LTE). Instead, the number
and location of these time-frequency resources can depend
on an aggregation level associated with the communication,
among other factors. Because the location of these time-
frequency resources could be one of several options, the UE
must perform multiple “blind decode” operations to monitor
cach of these several optional time-resources. Monitoring
multiple time-frequency resource locations concurrently,
however, leads to increased network latency and decreased
system performance.

Thus, improved techniques for control channel selection
and discovery are needed to optimize performance and

resource utilization relative to those of existing systems.

SUMMARY

The present disclosure describes example techniques for
configuring and utilizing common control channels and
configuration thereof 1n wireless communication systems.
For instance, 1n an aspect, the present disclosure describes
an example method performed by a network node (also
referred to herein as a base station, eNB, next-generation
NodeB (gNB), or the like) that includes generating resource
location nformation identifying one or more candidate
time-frequency resource locations for a common control
channel utilized 1n the cell. In addition, the example method
can include transmitting the resource location information to
one or more UEs and/or one or more other network nodes.

In an additional aspect, the present disclosure presents an
example method performed by a UE that includes receiving
resource location information from a network node, where
the resource location information identifies one or more
candidate time-frequency resource locations for a common
control channel utilized 1n a cell. In addition, the example
method can include monitoring the one or more candidate
time-frequency resource locations for signaling communi-
cated over the common control channel.

Embodiments herein also include corresponding appara-
tus, computer programs, and carriers (e.g., computer pro-
gram products), as well as network-side aspects performed
by a network node.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a wireless communication
system according to one or more embodiments.

FIG. 2 1s a logical flow diagram illustrating a method
performed by a network node according to one or more
embodiments.

FIG. 3 1s a logical flow diagram illustrating a method
performed by a UE according to one or more embodiments.
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FIG. 4A 1s a block diagram of a UE according to one or
more embodiments.

FIG. 4B 1s a block diagram of a UE according to one or
more other embodiments.

FIG. 5A 15 a block diagram of a network node according,
to one or more embodiments.

FIG. 5B 1s a block diagram of a network node according
to one or more other embodiments.

DETAILED DESCRIPTION

In modern and next-generation (e.g. new radio (NR))
wireless networks, common control channels are utilized to
communicate information to one or more UEs in a cell
simultaneously. For example, with respect to downlink
control signaling, Physical Downlink Control Channels
(PDCCHs) are used to communicate downlink control infor-
mation (DCI) from the network node to the one or more UEs
(e.g. downlink scheduling assignments and uplink schedul-
ing grants for these UEs). Generally, the control information
transmitted over the PDCCH 1s transmitted at the beginming
of a slot (or any other defined time-frequency unit measure
such as a subiframe, frame, etc.) and relates to data in the
same or a later slot (of course, 1in the case of mini-slots,
PDCCH information can also be transmitted within a regular
slot). Different formats defined by diflerent time and fre-
quency ranges of the PDCCHs are possible, which allows
the system and the communicating devices to properly
handle different DCI payload sizes and different aggregation
levels (1.e. diflerent code rate for a given payload size).

In existing systems, a UE may be configured (1implicitly
and/or explicitly) to blindly monitor (or search) for a number
of predefined time-frequency regions that can correspond to
different aggregation levels and DCI payload sizes, for
instance. Upon detecting a valid DCI message on one or
more of these predefined time-irequency locations (1.e. the
decoding of a predefined time-irequency region 1s successiul
and the DCI contains a particular identifier (ID) the UE 1s
told to monitor) the UE follows the mnstructions contained
within the DCI received over this time-frequency region,
include 1nstructions to watch one or more predefined regions
to recerve the corresponding downlink data and/or to trans-
mit information (e.g., control or user/application data in the
uplink). The blind decoding process comes at a cost in
complexity 1 the UE but 1s required to provide flexible
scheduling and handling of different DCI payload sizes.

In 57 Generation (5G) New Radio (NR) protocols under
development, a “broadcasted control channel” 1s envisioned,
allowing multiple UEs to receive control information some-
what simultaneously. Such a broadcasted control channel
can be referred to under a multitude of different names,
including, but not limited to, Physical Slot Format Indicator
Channel (PSFICH), a “PCFICH-like channel,” or “UE-
group common control channel.” Given that no consensus
has been reached regarding the particular nomenclature to be
oflicially attributed to this broadcasted control channel, for
purposes of the present disclosure, 1t can be referred to
generally as the “Common PDCCH” or “C-PDCCH.” Like
its name, the content of such a channel 1s currently under
discussion. One example of information that might be put 1n
such a channel 1s information about the slot format, 1.e.
whether a certain slot 1s uplink or downlink, which portion
of a slot 1s reserved for uplink or downlink transmission,
and/or other information that 1s particularly useful 1n a
dynamic Time Division Duplex (ITDD) systems.

In the specific example of LTE systems, a common
channel called the Physical Control Format Indicator Chan-
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nel) 1s used to indicate the length of the control region, 1.c.
the number of Orthogonal Frequency-Division Multiplexed
(OFDM) symbols used for control signaling in a given time
unit or measure, such as a slot. Although this information
can be also utilized for example embodiments of the com-
mon control channels (e.g., C-PDCCH) presented herein,
such embodiments are non-limiting. In other words, unlike
the PCFICH 1n LTE, which uses a rnigid structure that 1s
tallor-made for indicating the control region size, the
example common control channels introduced by the present
disclosure are fully configurable by the system and example
devices making up the system (e.g., UEs, network nodes).
This allows the system devices to optimize performance of
wireless communications between devices, and over the
system as a whole, by maximizing time-frequency resource
utilization (1.e., through selection of a time-frequency
resource location for the common control channel). Ulti-
mately, mstead of requiring each UE to perform blind
decoding operations on the rigid set of possible time-
frequency resource locations, the techniques of the present
disclosure present a common control channel paradigm (1.e.
C-PDCCH) that renders channel configuration more generic
and flexible relative to the case of the PCFICH 1n LTE. More
specific aspects of these techniques will now be described 1n
reference to the accompanying figures.

FIG. 1 illustrates a wireless communication system 10
according to one or more embodiments. The system 10
includes a network node 106 (such as, but not limited to, a
base station, eNB, gNB, etc). The system 10 also includes
UEs 102 (also referred to herein as a “terminal, “user
terminal,” or the like), mcluding UE 102A and 102B, in
communication with the network node 106. This commu-
nication 20, in addition to uplink and downlink transmission
of user/application data, may include uplink control signal-
ing and downlink control signaling (also referred to as
control information). In an example of downlink control
signaling, each network node 106 can transmit one or more
system information blocks (SIBs), which can contain char-
acteristic information associated with each of one or more
cells realized through the operation of network node 106.

The communication 20 may occur over one or more
communication channels (including a common control
channel such as the C-PDCCH) that may each consist of one
or more component carriers or subbands. The network node
106 may include circuitry and/or instructions for executions
on the circuitry to perform scheduling of communications 20
between the UEs 102 and the network node 106. This
scheduling can include selecting, for instance, which time-
frequency resource locations (on a grid of possible time-
frequency resource locations for a slot, subirame, or the like,
for example) are to be utilized for uplink transmission or
downlink transmission, and which devices will perform such
transmissions over the scheduled time-frequency resources.
In other words, 1n the case of uplink transmission schedul-
ing, the network node 106 can assign (or “grant”) certain
time-frequency resources to mndividual UEs 102 over which
the uplink communications will occur in the wireless com-
munication system 10. These time-frequency resources may
be resource elements, resource blocks, or any other unit of
time-frequency resources known 1n the art. For any given
measure ol time during the communication 20, an entire
channel bandwidth or a portion thereof may be granted to a
particular UE 102 or to a plurality of UEs 102. In addition,
for purposes of the present disclosure, although each net-
work node 106 may be configured to manage the creation
and operation of one or more cells, when a network node 1s

5

10

15

20

25

30

35

40

45

50

55

60

65

4

referred to, 1t can optionally also refer to a particular cell (or
in some cases more than one cell) of the network node 106.

As introduced above, the present invention envisions a
shared common broadcast or multicast control channel that
can be utilized to carry control information from the network
node 106 to each UE 102 within 1ts cellular transmission
range. Again, the formulations of common control channels
(e.g., common PDCCHs) in prior and existing systems (e.g.,
L.AA) consist of a set of wholly predefined channel location
possibilities, requiring the UEs 102 to perform a full blind-
decoding process to obtain information necessary to identity
a common control channel location ultimately selected as
such by the network node 106 (i.e. on what resources, 1n
terms of Control Channel Elements (CCEs), OFDM sym-
bols, and OFDM subcarriers, a particular UE 1s expected to
find the common control channel). In fact, in LAA, the
pre-defined channel location 1s directly stated 1n the speci-
fication and therefore mandated. Accordingly, 1n the existing
LAA formulation, the common control channel location
cannot be changed or configured for optimized performance.

By utilizing the following techniques, however, a UE 102
of the present disclosure 1s not required to perform such a
rigorous blind-decoding process betfore finding the common
control channel, instead utilizing these processing resources
and available time to locate other channels (including UE-
specific PDCCH 1n some examples). Because of this feature
of the present disclosure, the common control channel can
accommodate high data rates and meet low latency require-
ments required by next-generation wireless communication
specifications such as NR.

Furthermore, unlike existing systems, the location of
control channels are configurable by the network node 106
(and/or other network devices), for instance, via system
information or other higher-layer signaling (e.g. RRC sig-
naling carried as part of the system information (e.g. SIB/
MIB/MSIB), dedicated RRC signaling as part of the general
UE configuration when accessing or handing over to a cell,
as part of MAC signaling, or through some other means).
Accordingly, the UE 102 can be provided with location
information indicating a time-irequency resource location
(or one or more candidate locations) of the control channel.
The configuration may include the time-frequency resources
to monitor for the common control channel (e.g. in terms of
CCEs, REs, REGs, etc.), the numerology, the possible
transmission instants (e.g. every slot, every second slot,
every subirame, etc), modulation scheme, payload size, code
rate, and/or mutli-antenna scheme.

In a further example aspect, the UE 102 can be configured
with a relatively small number of time-frequency resource
candidates (1.e., possibilities) to blindly detect in order to
identify the bona fide common control channel selected from
the candidates and utilized by the network node 106 for
transmission. As an example, the UE 102 could foreseeably
use two blind decoding attempts 1n attempting to i1dentify
this selected common control channel and any remaining
attempts to attempt identification of other channels (e.g.,
legacy, or “normal” PDCCHs).

In addition, the UE 102 and/or network node 106 can be
configured (or can negotiate for) one or more fallback or
default values for certain transmission parameters that
would have been delivered via the common control channel
absent some intervening event blocking such delivery, such
as degrading network conditions, connection loss, etc. In
other words, this fallback configuration can define default
content for values of parameters carried by the common
PDCCH. This fallback configuration can be useful 1n cases

where reliable transmission of such values via the common
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control channel becomes challenging or impossible, or 1f the
network, for various reasons, prevents such parameter value
transmission.

In a further aspect, the common control channel configu-
ration can be transierred during a cell handover or reselec-
tion process from a handover target cell to the source cell
(current serving cell) over the X2 interface or any other
communicative connection between network node 106.
When received by the source cell, the network node 106
controlling the source cell can proceed to transmit this
common control channel configuration immformation to the
UE 102 prior to executing the handover command and/or
actual handover 1s completed. Furthermore, resources for the
common control channel may hop across slots and/or control
channel occurrences. In instances where channel hopping 1s
implemented, the related hopping information can be
included in the overall channel configuration information.

As explained above, to reduce blind decoding as much as
possible, 1n some examples of the present disclosure, a
relatively limited number of time-frequency locations and/or
corresponding control channel configurations are provided.
However, future wireless communication standard releases
will likely contain different payload size requirements, dif-
ferent frequency band usage, and the like, thereby likely
mandating additional possible configurations. To provide
such forward compatibility within a given configuration, the
field encoding all the information may have some reserved
values that can be used for future releases. As future systems
(such as NR additional releases) might support larger system
bandwidths that those presently used and/or may support
UE-specific bandwidths that are fractions the system band-
width, this flexibility 1s key to ensure that the techniques are
robust. The same 1s true of possible numerologies in a
common control channel configuration. For instance, NR
supports diflerent UE numerologies. To counter these dif-
ferences, 1 some examples, the common control channel
(C-PDCCH, for 1nstance) can be transmitted by the network
node 106 multiple times and at various bandwidth ranges so
that 1ts information can be read by UEs monitoring different
parts of the system bandwidth. In some examples, the
network node 106 can even use diflerent numerologies
where necessary.

Furthermore, the network nodes 106 of the present dis-
closure can indicate to a scheduled UE that data over the
common control channel (C-PDCCH) has been sent, e.g. for
observability and link adaptation purposes of C-PDCCH. In
such cases, a flag 1s included 1n a regular DCI 1indicating that
the C-PDCCH data has been transmitted/not transmitted in
a slot. This information can then be fed back to the network
which can adjust a transmission scheme of the C-PDCCH
accordingly.

In further embodiments of the present disclosure, certain
additional information may be included in configurable
broadcast or multicast control. In fact, the content of the
common control channel described herein can include many
different pieces of information. One example 1s related to
Channel State Information (CSI) reporting or Sounding
Reference Signal (SRS or SR) opportunities. Accordingly, a
UE 102 can be configured with periodic CSI reporting or SR
opportunities under the condition that the common control
channel indicates an uplink slot. In such cases where the
uplink slot 1s indicated, the UE 102 can report CSI (or, 1
needed, transmit an SR). When the periodic instant happens,
the UE will transmit the CSI report (or SR) only if the
common control channel indicates an uplink. Thus, two
example types of periodic configuration for CSI (and SR,
etc) and information in the common broadcast control
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channel can exist 1n such instances: (a) one ‘conditional
periodic” where a CSI report (or SRS) 1s transmitted only 1t
the common control channel 1s reliable received and allows
for transmission and (b) one ‘absolute conditional” where the
report 1s transmitted 1rrespective of the common control
channel.

What 1s more, a similar principle can be applied to uplink
transmissions, 1n general, instead of being limited to CSI or
SRS transmissions. Other mformation that can be included
in the configurable common control channel could include,
for instance, an indication of measurement opportunities
(slots or other periods 1n time) where measurements can be
made by the UE at certain frequencies. Additionally or
alternatively, radio resource management (e.g., reference
signal received power (RSRP) measurement) information,
information related to interference suppression and cancel-
lation 1ncluding cross-link interference mitigation informa-
tion (uplink from another cell interfering with downlink
transmissions from a serving cell or vice-versa), and/or
information relevant to beam management and/or phase
tracking.

For the case of RSRP measurements, the network node
106 may indicate particular subframes when measurements
should be made for the own cell or for other cells. This could
help the network node 106 to ensure that RSRP measure-
ments are made when the network node 106 1s transmitting
signals at a certain power or with a certain beamforming
configuration to ensure that coverage 1s maintained. Simi-
larly, neighbor cell measurements can be made at appropri-
ate 1nstances when other cells in the network may be
transmitting signals at the desired powers or 1n beam direc-
tions where the neighbor cell’s power reaches this cell.

For interference cancellation and cross-link mitigation,
the network node 106 may indicate particular subframes
where a specific SRS on which measurements need to be
made to enable interference suppression or cancellation will
be transmitted by the serving or neighboring cells. For
cross-link interference cancellation 1t could also be useful
for a UE 102 to obtain cross-link related parameters even for
neighboring cells. A UE 102 could be configured to search
for multiple C-PDCCH which are associated with difierent
cells. Alternatively, one C-PDCCH could contain essential
cross-link parameters even Irom neighboring cells. For
instance, a C-PDCCH could contain slot information even
from neighboring cells or as a minimum indicated 11 neigh-
boring cells have the same slot configuration. The control
channel may be configured to deliver unicast as well as
broadcast/multicast information (e.g. a common control
channel) or be specifically designed only as a light weight
separate channel for broadcast/multicast transmissions.

FIG. 2 presents an example method 200 performed by a
network node 102 associated with a cell 1n a wireless
communication system. In an aspect, the method 200 can, at
block 202, generate resource location mformation 1dentify-
ing one or more candidate time-frequency resource locations
for a common control channel (e.g., C-PDCCH) utilized 1n
the cell. The method 200 also can include, at block 204,
transmitting the resource location imformation to one or
more user equipment and/or one or more other network
nodes.

Furthermore, although not included explicitly 1n FIG. 2,
method 200 can optionally include one or more of the
following aspects. For instance, the method can include the
network node 106 selecting a time-frequency resource loca-
tion of the one or more candidate time-frequency resource
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locations for the common control channel and transmitting
control signaling to the one or more UEs over the selected
time-frequency resource.

In some example embodiments, the control signaling
includes an uplink opportunity indicator, the uplink oppor-
tunity indicator identifying a time period during which an
uplink transmission opportunity exists for the one or more
UEs. In addition, 1n some examples, the method 200 can
include recerving a channel state indicator (CSI) report
and/or scheduling request (SR) transmitted during the 1den-
tified time period by at least one of the one or more UEs
responsive to transmitting the control signaling comprising,
the uplink opportunity indicator.

In addition, the control signaling can include a measure-
ment opportunity indicator, the measurement opportunity
indicator i1dentifying a time period during which a UE
measurement opportunity exists for the one or more UEs.
The measurement opportunity indicator can identily the time
period as one or more slots, one or more subirames, and/or
one or more symbols, and/or identifies one or more reference
signals to be measured by a UE during the time period.

In some examples, the control signaling comprises time-
frequency resource location information, configuration
information, and/or timing information corresponding to
respective common control channels of one or more neigh-
bor cells.

In some examples, the method can include the network
node 106 receiving one or more measurement reports from
the one or more UEs responsive to transmitting the mea-
surement opportunity indicator and/or the time-frequency
resource location information, configuration information,
and/or timing information corresponding to the respective
common control channels of the one or more neighbor cells.
Also, the control signaling can include unicast signals trans-
mitted to a single UE or multicast or broadcast signals.

In addition, the method can include recerving a handover
request message Ifrom a source network node requesting,
handover of a UE from the source network node to the
network node, where transmitting the resource location
information to one or more network nodes includes trans-
mitting the resource location information to the source
network node responsive to recerving the handover request
message.

The method can include generating configuration infor-
mation for the common control channel, the configuration
information including values for one or more of a numer-
ology, a periodicity, a modulation scheme, a payload size, a
code rate, a multi-antenna scheme, and/or fallback values to
be used as configuration information values where current
configuration information i1s unavailable. It can also 1include
receiving a handover request message from a source net-
work node requesting handover of a UE from the source
network node to the network node and transmitting the
configuration mformation and the resource location infor-
mation to the source network node responsive to receiving,
the handover request message.

The resource location information can be transmitted to
the one or more UEs via one or more system information
blocks (SIB), one or more master information blocks
(MIBs), one or more master system information blocks
(MSIBs), dedicated radio resource control (RRC) signaling,
and/or media access control (MAC) signaling. The method
can also include adding a flag to downlink control informa-
tion (DCI) message, the flag indicating whether control
information has been transmitted by the network node 1n a
slot and transmitting the DCI message to the one or more
UEs. The resource location information identifies one or
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more control channel elements (CCEs), one or more
resource eclement groups (REGs), and/or one or more
resource elements (REs). In addition, the one or more
candidate time-frequency resource locations can span a
plurality of slots and/or a plurality of transmission occur-
rences over the common control channel.

FIG. 3 presents an example method 300 performed by a
UE 1n a wireless communication system, the method includ-
ing, at block 302, receiving resource location information
from a network node, the resource location information
identifying one or more candidate time-frequency resource
locations for a common control channel utilized 1n a cell. In
addition, at block 304, the method can include monitoring
the one or more candidate time-ifrequency resource locations
for signaling communicated over the common control chan-
nel.

Furthermore, although not explicitly shown 1n FIG. 3, the
method can optionally include any of the aspects that follow.
For instance, method 300 can include receiving control
signaling from the network node on the common control
channel over the i1dentified time-frequency resource, and the
control signaling can include an uplink opportunity indica-
tor, the uplink opportunity indicator identifying a time
pertod during which an uplink transmission opportunity
exists for the UE to transmit uplink signaling.

The method can further include transmitting a channel
state indicator (CSI) report and/or scheduling request (SR)
during the 1dentified time period responsive to the receiving
the uplink opportunity indicator in the control signaling. In
addition, the control signaling can include a measurement
opportunity indicator, the measurement opportunity indica-
tor 1dentifying a time period during which a UE measure-
ment opportumty exists for the UE. The measurement
opportunity idicator can 1dentity the time period as one or
more slots, one or more subirames, and/or one or more
symbols and/or one or more reference signals to be mea-
sured by the UE during the time period. In some examples,
the control signaling comprises time-frequency resource
location information, configuration information, and/or tim-
ing information corresponding to respective common con-
trol channels of one or more neighbor cells.

Some examples of the method can include performing
measurements on the indicated reference signals and/or the
common control channels of one or more neighbor cells
based on the received time-frequency resource location
information, configuration information, and/or timing infor-
mation. Some instances can include generating one or more
measurement reports based on the measurements, and some
may include transmitting the measurement reports to the
network node. The control signaling can include unicast
signals, or multicast or broadcast signals.

The method 300 can optionally include receiving con-
figuration information for the common control channel from
the network node, the configuration imnformation including
values for one or more of a numerology, a periodicity, a
modulation scheme, a payload size, a code rate, a multi-
antenna scheme, and/or prioritized information values to be
used where current configuration information 1s unavailable.
In an aspect, the resource location information 1s received
via one or more system information blocks (SIB), one or
more master information blocks (MIBs), one or more master
system 1nformation blocks (MSIBs), dedicated radio
resource control (RRC) signaling, and/or media access con-
trol (MAC) signaling.

The method 300 can also include receiving downlink
control information (DCI) message comprising a flag indi-
cating whether control information has been transmitted by
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the network node 1n a slot. The resource location informa-
tion 1dentifies one or more control channel elements (CCEs),
one or more resource element groups (REGs), and/or one or
more resource elements (REs) 1n some examples. In certain
embodiments, the one or more candidate time-irequency
resource locations spans a plurality of slots and/or a plurality
of transmission occurrences over the common control chan-
nel. And furthermore, as stated above, the common control
channel can be a common physical downlink control chan-
nel (C-PDCCH).

FIG. 4A 1llustrates a UE 102 implemented 1n accordance
with one or more embodiments. As shown, the UE 102
includes processing circuitry 400 and communication cir-
cuitry 410. The communication circuitry 410 1s configured
to transmit and/or receive mformation to and/or from one or
more network nodes 106 via any communication technol-
ogy. Such communication may occur via one or more
antennas that are either internal or external to the UE 102.
The processing circuitry 400 1s configured to perform pro-
cessing described above, such as by executing instructions
stored 1n memory 420. The processing circuitry 400 1n thas
regard may implement certain functional means, units, or
modules.

FIG. 4B 1llustrates a UE 102 implemented 1n accordance
with one or more other embodiments. As shown, the UE 102
implements various functional means, units, or modules,
¢.g., via the processing circuitry 400 1n FIG. 4A and/or via
software code. These functional means, units, or modules,
¢.g., for implementing the method 300 in FIG. 3 and the
frame structures of at least FIGS. 1 and/or 5-8, include for
instance a receiving unit or module 430 for receiving
resource location information from a network node, the
resource location information identifying one or more can-
didate time-frequency resource locations for a common
control channel utilized 1n a cell; and a monitoring unit or
module 440 for monitoring the one or more candidate
time-frequency resource locations for signaling communi-
cated over the common control channel.

FIG. 5A illustrates a network node 56, such as a base
station, eNB, gNB, or other network-side devices, imple-
mented 1n accordance with one or more embodiments. As
shown, the network node 56 includes processing circuitry
500 and communication circuitry 510. The communication
circuitry 510 1s configured to transmit and/or receive infor-
mation to and/or from one or more UEs 52 and/or one or
more other nodes, e.g., via any communication technology.
Such communication may occur via one or more antennas
that are either internal or external to the network node 36.
The processing circuitry 500 1s configured to perform pro-
cessing described above, e.g., in FIG. 3, such as by execut-
ing instructions stored i memory 520. The processing
circuitry 500 1n this regard may implement certain func-
tional means, units, or modules.

FIG. 5B illustrates a network node 56 implemented in
accordance with one or more other embodiments. As shown,
the network node 56 implements various functional means,
units, or modules, e.g., via the processing circuitry 500 in
FIG. 5A and/or via software code. These functional means,
units, or modules, e.g., include for instance a generating unit
or module 530 for generating resource location information
identifying one or more candidate time-frequency resource
locations for a common control channel utilized 1n the cell;
and will also include a transmaitting unit or module 340 for
transmitting the common control signal to one or more UEs.

Those skilled in the art will also appreciate that embodi-
ments herein further include corresponding computer pro-
grams. A computer program comprises instructions which,
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when executed on at least one processor of a node, cause the
node to carry out any of the respective processing described
above. A computer program in this regard may comprise one
or more code modules corresponding to the means or units
described above. Embodiments further include a carrier
containing such a computer program. This carrier may
comprise one ol an electronic signal, optical signal, radio
signal, or computer readable storage medium. In this regard,
embodiments herein also include a computer program prod-
uct stored on a non-transitory computer readable (storage or
recording) medium and comprising instructions that, when
executed by a processor of a network node or UE, cause the
node or UE to perform as described above. Embodiments
further include a computer program product comprising
program code portions for performing the steps of any of the
embodiments herein when the computer program product 1s
executed by a computing device. This computer program
product may be stored on a computer readable recording
medium.

Furthermore, the processing or functionality of network
node 106 may be considered as being performed by a single
istance or device or may be divided across a plurality of
instances of network node 106 that may be present in a given
network/environment such that together the device instances
perform all disclosed functionality. In addition, network
node 106 may be any known type of device associated with
a wireless communication network, radio communication
network, or content delivery network, generally, that 1s
known to perform a given disclosed processes or functions
thereof. Examples of such network nodes include eNBs (or
other types of base stations or access points), Mobility
Management Entities (MMEs), gateways, servers, and the
like.

In any scenario discussed above, the UE 102 herein may
be, or may be comprised of any wireless communication
device that 1s able to communicate wirelessly with a wireless
communication network, and may include, in some
examples, mobile devices such as mobile phones, PDAs,
tablets, computers (mobile or otherwise) laptops, or the like.
In addition the UE 102 may comprise an Internet-of-Things
device, e.g. a device that performs monitoring or measure-
ments, and transmits the results of such monitoring mea-
surements to another device or a network. Particular
examples of such machines are power meters, industrial
machinery, or home or personal appliances, e.g. refrigera-
tors, televisions, personal wearables such as watches etc. In
other scenarios, a wireless communication device as
described herein may be comprised in a vehicle and may
perform monitoring and/or reporting of the vehicle’s opera-
tional status or other functions associated with the vehicle.

The present invention may, of course, be carried out 1n
other ways than those specifically set forth herein without
departing from essential characteristics of the invention. The
present embodiments are to be considered in all respects as
illustrative and not restrictive, and all changes coming
within the meaning and equivalency range of the appended
claims are intended to be embraced therein.

The mvention claimed 1is:
1. A method performed by a network node associated with
a cell 1n a wireless communication system, the method
comprising;
selecting one or more candidate time-frequency resource
locations for a common control channel utilized in the
cell;
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generating resource location mformation identifying the
one or more candidate time-frequency resource loca-
tions selected for the common control channel utilized
in the cell;

transmitting the resource location information to one or

more user equipment (UE) and/or one or more other
network nodes; and
dynamically reconfigure a time slot configuration in use
by one or more UEs by transmitting control signaling
to the one or more UEs over the selected time-ire-
quency resource, wherein the control signaling com-
prises information about a slot format that 1s indicative
of whether a certain slot 1s uplink or downlink, and
which portion of a slot 1s reserved for uplink or
downlink transmaission.
2. The method of claim 1, wherein the control signaling
comprises an uplink opportumity indicator, the uplink oppor-
tunity indicator identifying a time period during which an
uplink transmission opportunity exists for the one or more
UEs.
3. The method of claim 2, further comprising receiving a
channel state indicator (CSI) report and/or scheduling
request (SR) transmitted during the 1dentified time period by
at least one of the one or more UEs responsive to transmit-
ting the control signaling comprising the uplink opportunity
indicator.
4. The method of claim 1, wherein the control signaling
comprises a measurement opportunity indicator, the mea-
surement opportunity indicator identifying a time period
during which a UE measurement opportunity exists for the
one or more UEs.
5. The method of claim 4, wherein the measurement
opportunity indicator identifies the time period as one or
more slots, one or more subirames, and/or one or more
symbols.
6. The method of claim 4, wherein the measurement
opportunity indicator 1dentifies one or more reference sig-
nals to be measured by a UE during the time period.
7. The method of claim 1, wherein the control signaling
comprises time-frequency resource location information,
configuration information, and/or timing information corre-
sponding to respective common control channels of one or
more neighbor cells.
8. The method of claim 4, further comprising receiving,
one or more measurement reports from the one or more UEs
responsive to transmitting the measurement opportunity
indicator.
9. The method of claim 1, wherein the control signaling
comprises unicast signals transmitted to a single UE.
10. The method of claim 1, wherein the control signaling
comprises multicast or broadcast signals.
11. The method of claim 1:
further comprising receiving a handover request message
from a source network node requesting handover of a
UE from the source network node to the network node;

wherein transmitting the resource location information to
one or more network nodes comprises transmitting the
resource location information to the source network
node responsive to receiving the handover request
message.

12. The method of claim 1, further comprising generating
configuration information for the common control channel,
the configuration information including values for a numer-
ology, a periodicity, a modulation scheme, a payload size, a
code rate, a multi-antenna scheme, and/or fallback values to
be used as configuration information values where current
configuration mnformation 1s unavailable.
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13. The method of claim 7, further comprising;:
recetving a handover request message from a source
network node requesting handover of a UE from the
source network node to the network node; and

transmitting the configuration information and the
resource location information to the source network
node responsive to receiving the handover request
message.

14. The method of claim 1, wherein the resource location
information 1s transmitted to the one or more UEs via one or
more system 1information blocks (SIBs), one or more master
information blocks (MIBs), one or more master system
information blocks (MSIBs), dedicated radio resource con-
trol (RRC) signaling, and/or media access control (MAC)
signaling.

15. The method of claim 1, further comprising;:

adding a flag to downlink control mmformation (DCI)

message, the flag indicating whether control informa-
tion has been transmitted by the network node in a slot;
and

transmitting the DCI message to the one or more UEs.

16. The method of claim 1, wherein the resource location
information identifies one or more control channel elements
(CCEs), one or more resource element groups (REGs),
and/or one or more resource elements (REs).

17. The method of claim 1, wherein the one or more
candidate time-frequency resource locations spans a plural-
ity of slots and/or a plurality of transmission occurrences
over the common control channel.

18. A method performed by a user equipment (UE) 1n a
wireless communication system, the method comprising:

recerving resource location information from a network

node, the resource location information identifying one
or more candidate time-frequency resource locations
selected by the base station for a common control
channel utilized 1n a cell;

monitoring the one or more of the candidate time-ire-

quency resource locations for signaling communicated
over the common control channel; and

receiving control signaling from the network node in one

of the selected candidate time frequency resource loca-
tions; and

dynamically reconfigure a time slot configuration respon-

sive to control signaling received from the network
node on the common control channel over the identified
time-irequency resource, wherein the control signaling
comprises information about a slot format that 1is
indicative of whether a certain slot 1s uplink or down-
link, and which portion of a slot 1s reserved for uplink
or downlink transmission.

19. A network node associated with a cell 1n a wireless
communication system, the network node comprising:

processing circuitry;

memory containing instructions executable by the pro-

cessing circuitry whereby the network node 1s operative

to:

selecting one or more candidate time-frequency
resource locations for a common control channel;

generate resource location information i1dentifying the
one or more candidate time-frequency resource loca-
tions selected for the common control channel uti-
lized 1n the cell;

transmit the resource location information to one or
more user equipment, UE, and/or one or more other
network nodes; and

dynamically reconfigure a time slot configuration 1n use
by one or more UEs by transmitting control signaling
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to the one or more UEs over the selected time-
frequency resource, wherein the control signaling
comprises information about a slot format that 1s
indicative of whether a certain slot 1s uplink or
downlink, and which portion of a slot 1s reserved for
uplink or downlink transmaission.
20. The network node of claim 19, wherein the instruc-
tions are such that the network node 1s further operative to:
transmit control signaling to the one or more UEs over the
selected time-frequency resource.
21. A user equipment (UE) 1 a wireless communication
system, the UE comprising:
processing circuitry;
memory containing instructions executable by the pro-
cessing circuitry whereby the UE 1s operative to:
receive resource location information from a network
node, the resource location information i1dentifying
one or more candidate time-frequency resource loca-
tions selected by the base station for a common
control channel utilized 1n a cell;
monitor the one or more candidate time-ifrequency
resource locations for signaling communicated over
the common control channel; and
dynamically reconfigure a time slot configuration 1n use
by the UE responsive to control signaling control
signaling received from the network node in one of
the selected candidate time frequency resource loca-
tions, wherein the control signaling comprises infor-
mation about a slot format that 1s indicative of
whether a certain slot 1s uplink or downlink, and
which portion of a slot i1s reserved for uplink or
downlink transmission.
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